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from spontaneous neuronal activity somewhere along the auditory pathway. The neural abnormal-
ities underlying tinnitus are largely unknown.
Objectives: This study aims to study brainstem function in tinnitus patients using auditory brain-
stem response audiometry.
Methods: This study included 80 subjects classiﬁed into two main groups: Group I (GI): consists of
20 normal hearing subjects without tinnitus. Group II (GII): consisted of 60 normal hearing adults
complaining of tinnitus. This group is further divided into three subgroups according to tinnitus
laterality: GIIa (20 subjects with bilateral tinnitus), GIIb (20 subjects with right ear tinnitus and
GIIc (20 subjects with left ear tinnitus). Both groups were submitted to full audiological history tak-
ing, otological examination, basic audiologic evaluation and Auditory brainstem response audiom-
etry (ABR) which was recorded in both groups followed by calculation of the absolute latencies of
wave I, III and V, interpeak latencies as well as the interaural latency difference of wave V.
Results: Generally, there was no signiﬁcant difference between both groups, however, some tinni-
tus patients showed abnormal prolonged absolute latencies, interpeak latencies and increased inter-
aural latency difference of wave V. There was some asymmetry in results between different study
subgroups.
Conclusions: Results of ABR are variable in tinnitus patients. Some cases have normal results while
others showed prolonged absolute or interpeak latencies or increased ILD-V difference.
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Tinnitus is a common and persistent symptom. The pathogen-
esis and site of origin have yet to be clearly established. It is
often a feature of primary ear disease usually associated with
hearing loss, but it may also occur in patients with normal
hearing.1 While the pathology in the auditory endorgans
may act as an initiator inducing a series of changes for tinnitus,
it is the sustained plastic changes and aberrant activity residing
in the subcortical and cortical structures of the auditory and
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116 T.A. Gabrnon-auditory nervous systems that cause the sensation and
problem of tinnitus.2,3
Until the early 1980s, it was believed that tinnitus was a
phenomenon which would happen in the cochlea only. Later
studies showed that such symptom may involve not only the
cochlea, but also the auditory pathways and the cerebral cor-
tex.4 The neural abnormalities underlying tinnitus are largely
unknown despite numerous animal and human studies. Lack
of habituation is another theory where tinnitus patients have
frequent negative associations which reinforce its perception
and, as a consequence, they do not get used to tinnitus, thus
becoming chronic cases.5
Attempts have been made to understand tinnitus and to
investigate its background by means of auditory evoked poten-
tials (AEPs). Those potentials are used to examine the synchro-
nous discharge of ﬁbers in the auditory pathway and identify
the presence of abnormal neuronal activity. Long latency AEPs
(P1, N1, P2 and P3) studies revealed abnormal response in tin-
nitus patients.2,6 Recently, a auditory evoked magnetic ﬁeld
study taking a different approach reported signiﬁcant differ-
ences in cortical frequency organization and positron emission
tomographic (PET) study described abnormally asymmetric
activity in the auditory cortices of tinnitus subjects.7
Auditory brainstem response can be used in evaluating tinni-
tus patients for a number of reasons, including its objectivity in
evaluating the cochlea and the brainstem auditory pathways. It
is the test of choice when patients present with symptoms that
suggest a cochlear or retrocochlear lesion site.8 In addition,
some ABR ﬁndings are considered indices of central tinnitus.
These indices included: abnormal morphology of ABR wave-
form, ﬂuctuation of wave III and V and prolonged transmission
time.9 Thus, ABR may contribute to clarify tinnitus origin and
this is very important for managing following up such patients.2. Aims of the work
This study aimed to evaluate the functional characteristics and
the auditory system synchronization using ABR in normal
hearing tinnitus patients. It is also designed to assess brainstem
involvement in those patients. Further, this study addressed
the laterality effect of perceived tinnitus on ABR response in
those patients through comparing patients with right, left or
bilateral tinnitus with healthy normal hearing control closely
matched as possible for age and sex.3. Patients and methods
This study included 80 patients chosen from the patients
attending the Audiology unit at Tanta University Hospitals
as well as volunteers from the hospital staff and relatives of pa-
tients attending the Audiology clinic. They were divided into
two main groups:
1. Group I (GI): consisted of 20 patients with normal hearing
and not complaining of tinnitus and served as control. They
were age and sex matched to the study group. All had bilat-
eral normal peripheral hearing thresholds as well as normal
middle ear function with no past history of any otological,
psychological or neurological problems.
2. Group II (GII): consisted of 60 adults complaining of tinni-
tus. The inclusion criteria were: adults less than 40 years (toeliminate effect of age) with bilateral normal peripheral
hearing and normal middle ear function, absence of any
past history of otological, psychological or neurological
problems. The exclusion criteria were: patients with hearing
loss or more than 40 years of age, history of otological,
psychological, neurological or neck problems, history of
systemic disease (such as diabetes or hypertension) or car-
diovascular diseases, patients with noise exposure, acoustic
trauma or previous ototoxic medication. Patients suspected
to have retrocochlear lesion were further evaluated radio-
logically and positive patients were excluded. This group
is further divided into three subgroups: GIIa (patients with
bilateral tinnitus), GIIb (patients with right ear tinnitus),
and GIIc (patients with left ear tinnitus).
The study was conducted in the Audiology unit of the
Otolaryngology, Head and Neck Surgery Department, Tanta
University Hospitals. Consents were obtained from all patients
after explaining the test procedure.
All patients were submitted to: otologic examination, basic
audiologic evaluation (pure tone audiometry, speech audiome-
try and immittancemetry). Frequencies of 3 and 6 kHz were
also tested to avoid inclusion of individuals with audiograms
that displayed minor dips. Tinnitus matching for intensity
and frequency were also done. The Developed Arabic Self
Assessment Tinnitus Distress Scale10 was done to evaluate
the impact of tinnitus on patients’ life.
Auditory brainstem response audiometry (ABR) was done
using Smart-EPs of Intelligent Hearing System (IHS). This
was done through two-channel recording using four disposable
electrodes applied according to the Smart-EP manual speciﬁca-
tion as the following sites: high frontal Fz (positive electrode),
low frontal Fpz (ground electrode). The last two electrodes
were placed on the left and right mastoids as negative or refer-
ence electrodes depending on the recording side. All electrodes
were connected to the pre-ampliﬁer of the Smart-EP equip-
ment. ABR was recorded ipsilaterally in response to click stim-
uli presented at 90 dBnHL and traced down to threshold in
10dB steps using alternating polarity and 19.3 s1 repetition
rate. Stimuli were delivered via ER3A-insertphone. The abso-
lute latencies of wave I, III and V, interpeak latencies (IPLs)
I–III, III–V and I–V as well as the interaural latency difference
of wave V (ILD-V) were calculated.4. Statistical methods
Statistical analysis was done using SPSS-V15 package. Un-
paired Sample t-test was used to compare the mean of age,
PTA thresholds in both groups. The same test was also used
to compare between ABR results (absolute latencies, IPLs
and ILD-V) between both groups and between right and left
ear in each group. Further, Analysis Of Variance (ANOVA)
test was used to compare ABR absolute and IPLs latencies
in the right ear among the three subgroups of GII. ANOVA
was also done for the same purpose in the left ear.5. Results
This work included two groups of patients: Group I which
included 20 healthy normal hearing patients (12 males and 8
females) with no audiological complaints. Group II which
Table 1 Comparison between mean ± SD of age and duration of tinnitus in GI and GIIa, GIIb, and GIIc.
GI GIIa GIIb GIIc F-test P-value
Age 32.19 ± 5.14 32.19 ± 7.14 34.82 ± 4.56 33.63 ± 5.53 0.582 0.562
Tinnitus duration – 13.9 ± 2.62 7.41 ± 3.32 9.73 ± 3.21 1.067 0.351
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complaining of tinnitus. Tinnitus was unilateral in 40 patients
(66.6%) and bilateral in 20 patients (33.3%). The tinnitus
duration was 2.3 ± 1.56 years. Tinnitus patients reported their
tinnitus as a pure tone (35.6%) narrow-band (37.2%) while
27.2% were not sure of the character of their tinnitus.
Both GI and GII showed no signiﬁcant difference as regard
age, sex or PTA results (Table 1). ABR was done starting at
90dBHL and traced down to threshold in all subject. However,
some patients did not reach the expected threshold proportion-
ate with PTA. Those patients were evaluated further for MRI
with contrast to exclude retrocochlear pathology with exclu-
sion of positive patients. So, Absolute and interpeak latencies
(IPLs) of wave I, III, V and interaural latency difference of
wave V (ILD-V) were calculated and compared at 90dBHL be-
tween both groups. They were considered prolonged if they in-
creased by more than 2 standard deviation from absolute and
IPLs in control. According to this, wave I was prolonged in
28.3% of patients (17/60), wave III was prolonged in 31.6%
(19/60) and wave V was prolonged in 41.6% (25/60). As re-Table 2 Comparison between mean and SD of absolute and
IPL latencies and ILD-V in both groups.
ABR Group I Group II t-Test P-value
Wave I 1.67 ± 0.08 1.8 ± 0.19 2.71 0.179
Wave III 3.68 ± 0.11 3.93 ± 0.26 4.63 0.231
Wave V 5.70 ± 0.11 5.96 ± 0.41 5.18 0.284
IPL I–III 2.05 ± 0.15 2.14 ± 0.23 2.7 0.182
IPL III–V 2 ± 0.14 2.09 ± 0.32 1.68 0.238
IPL I–V 4.03 ± 0.14 4.17 ± 0.53 3.33 0.233
ILD-V 0.11 ± 0.02 0.217 ± 0.213 2.55 0.013*
* P< 0.05.
Figure 1 (a) Mean of absolute latencies (in ms) of ABR waves in bot
groups.gards IPLs, I–III was prolonged in 10% (6/60), III–V was pro-
longed in 13.3% (8/60) and I–V was prolonged in 23.3% (14/
60). Despite of these abnormalities, ABR absolute and IPLs in
normal hearing tinnitus patients were not signiﬁcantly differ-
ent from control in general. On the other hand, ILD-V was
abnormally prolonged in 40% (24/60) of normal hearing tinni-
tus patients and was signiﬁcantly prolonged when compared
with control (Table 2, Fig. 1).
Group II (GII) was further divided into three subgroups
according to tinnitus laterality: GIIa (20 patients with bilateral
tinnitus), GIIb (20 patients with right ear tinnitus) and GIIc
(20 patients with left ear tinnitus). Results of ABR in the right
ear were compared between the control and the study sub-
groups. The same comparison was also done as regards ABR
results in the left ear. In the right ear, ANOVA test revealed
no signiﬁcant difference between control and study subgroups.
However in the left ear, there was only signiﬁcantly prolonged
I–III IPL in GIIa (patients with bilateral tinnitus) when com-
pared to control and the other subgroups. As regard ILD-V,
there was also a signiﬁcant difference (Table 3).
In the control and each of the study subgroups, ABR laten-
cies were compared between the right and left ears. In GI, GIIb
(right ear tinnitus) and GIIc (left ear tinnitus) similar absolute
and IPLs were present. However, GIIa (Bilateral tinnitus) re-
vealed a signiﬁcant prolonged I–V IPLs in the left ear when
compared with the right one (P< 0.05) (Table 4).
6. Discussion
Tinnitus is a frequent and often devastating symptom of audi-
tory system disorders and a variety of other pathological con-
dition. The sensation of tinnitus may be associated with
perceptual impairments at various levels of the auditory pro-
cessing. The only clinical available measure of tinnitus is theh groups. (b) Interpeak latencies (IPL) and IALD wave V in both
Table 3 Comparison of ABR absolute and IPL latencies in the right and left ears between the study subgroups.
ABR components GI GIIa GIIb GIIc F-test P-value
RT ear I 1.67 ± 0.11 1.81 ± 0.24 1.82 ± 0.16 1.76 ± 0.17 0.418 0.661
III 3.71 ± 0.15 3.8 ± 0.27 3.95 ± 0.28 3.9 ± 0.21 0.636 0.533
V 5.69 ± 0.113 5.9 ± 0.29 6.02 ± 0.35 5.95 ± 0.35 0.610 0.547
I–III 2.04 ± 0.15 2.06 ± 0.16 2.14 ± 0.16 2.11 ± 0.14 1.173 0.317
III–V 1.99 ± 0.13 2.03 ± 0.24 2.1 ± 0.26 2.08 ± 0.37 0.357 0.701
I–V 4.02 ± 0.14 4.08 ± 0.21 4.18 ± 0.25 4.14 ± 0.23 0.986 0.380
LT ear I 1.67 ± 0.19 1.76 ± 0.162 1.75 ± 0.14 1.8 ± 0.2 0.045 0.956
III 3.6 ± 0.107 4.0 ± 0.36 3.85 ± 0.154 3.86 ± 0.22 2.024 0.142
V 5.7 ± 0.19 6.023 ± 0.36 5.91 ± 0.182 6.03 ± 0.35 0.785 0.461
I–III 2.04 ± 0.16 2.26 ± 0.28 2.1 ± 0.145 2.09 ± 0.15 4.046 0.023*
III–V 2.01 ± 0.16 2.04 ± 0.15 2.1 ± 0.18 2.23 ± 0.53 1.680 0.196
I–V 4.03 ± 0.15 4.26 ± 0.27 4.16 ± 0.204 4.2 ± 0.34 0.704 0.499
ILD-V 0.11 ± 0.02 0.17 ± 0.2 0.26 ± 0.23 0.22 ± 0.21 2.934 0.031*
* P< 0.05.
Table 4 Comparison of mean and SD of different ABR components between right and left ears in GI group.
Groups ABR waves RT LT t-Test P-value
GI I 1.67 ± 0.12 1.67 ± 0.16 0.702 0.99
III 3.71 ± 0.21 3.68 ± 0.107 0.856 0.4
V 5.69 ± 0.11 5.7 ± 0.11 0.145 0.89
I–III 2.04 ± 0.15 2.04 ± 0.157 0.106 0.92
III–V 1.99 ± 0.13 2.01 ± 0.16 0.333 0.74
I–V 4.02 ± 0.136 4.04 ± 0.149 0.227 0.82
GIIa I 1.81 ± 0.24 1.76 ± 0.16 0.677 0.5
III 3.87 ± 0.27 4.0 ± 0.36 1.32 0.19
V 5.9 ± 0.29 6.02 ± 0.367 1.22 0.23
I–III 2.061 ± 0.16 2.26 ± 0.28 2.76 0.08
III–V 2.025 ± 0.24 2.03 ± 0.146 0.17 0.87
I–V 4.08 ± 0.21 4.26 ± 0.28 2.47 0.018*
GIIb I 1.82 ± 0.15 1.75 ± 0.137 1.29 0.21
III 3.95 ± 0.28 3.85 ± 0.15 1.37 0.18
V 6.02 ± 0.35 5.91 ± 0.18 1.11 0.28
I–III 2.14 ± 0.165 2.1 ± 0.15 0.66 0.51
III–V 2.1 ± 0.26 2.091 ± 0.18 0.114 0.882
I–V 4.18 ± 0.25 4.158 ± 0.20 0.298 0.77
GIIc I 1.76 ± 0.174 1.768 ± 0.19 0.125 0.902
III 3.87 ± 0.213 3.86 ± 0.224 0.148 0.88
V 5.95 ± 0.35 6.03 ± 0.354 0.661 0.51
I–III 2.12 ± 0.14 2.09 ± 0.15 0.557 0.58
III–V 2.09 ± 0.37 2.23 ± 0.53 0.935 0.36
I–V 4.14 ± 0.23 4.19 ± 0.34 0.583 0.56
* P< 0.05.
118 T.A. Gabrpsycho-acoustical description of pitch and loudness which is
based on subjective match between tinnitus and external
sounds. Since there is a common agreement that tinnitus can
be also due to an impaired brain process, researchers tried to
support this assumption with electrophysiological evidences.9
In this work, ABR was used to evaluate the auditory path-
way at the brainstem level. Generally there was no signiﬁcant
difference between normal hearing tinnitus patients and nor-
mal hearing subjects. This agreed with Barnea et al.11 and
McKee and Stephans.12 However, ABR absolute and inter-
peak latencies were prolonged in some tinnitus patients and
this agreed with Kehrle et al.1 and Rosenhall and Axelsson13who reported the presence of ABR abnormality in patients
complaining of tinnitus. Speciﬁcally, those authors showed
two patterns of abnormalities. The ﬁrst pattern was a prolon-
gation of wave I accompanied by a prolongation of waves III
and V, ﬁndings which are consistent with a lesion in the
peripheral auditory system. The other is a lengthening of the
IPLs reﬂects an increased neural conduction time in the brain-
stem.14 Both patterns occurred most often in tinnitus patients
with normal hearing or slight hearing loss.
In this work, different patterns of ABR abnormalities were
found in normal hearing tinnitus patients suggesting central
auditory pathway affection. The ﬁrst pattern was the abnormal
Auditory brainstem response audiometry in tinnitus patients 119prolongation of wave V absolute latency which occurred in
41.6% of cases suggesting lower brainstem affection. The sec-
ond pattern was the increased ILD-V which was found in 40%
of cases. This is consistent with Kehrle et al.1 who reported
prolonged ILD-V in three of their tinnitus patients. Other pat-
tern of ABR abnormality include prolonged wave III in 31.6%
and wave I in 28.3%. The patterns of IPLs abnormalities in-
cluded prolonged I–V in 23.3%, III–V in 13.3% and ﬁnally
I–III in 10% patients. This could be due to permanent activa-
tion of auditory system by tinnitus which might change its cen-
tral transmission which might modify external stimuli
transmission. This might give us an idea about the distur-
bances caused by tinnitus.15
ABR abnormalities could be also due to abnormal brain-
stem activity either at the level of the inferior colliculus (IC), co-
chlear nuclei or medial superior olivary complex. For example,
IC activity could be normal but it receives abnormal input
activity from lower centers (e.g., dorsal cochlear nucleus, med-
ial superior olivary complex) or higher centers (e.g., medial
geniculate body).16 Alternatively, input to the IC may be en-
tirely normal, however, the IC itself has an intrinsic abnormal-
ities (e.g., membrane alterations that raise the resting potential
of IC neurons). A combination of extrinsic and intrinsic abnor-
malities is also possible. All of these abnormalities can results in
tonotopic organization of auditory maps.17 So, original abnor-
malities eventually trigger secondary abnormalities in humans
and this could explain why characteristics of the tinnitus per-
cept (e.g., pitch, location, loudness) can change over time.18
Studying the laterality effect of tinnitus was done through
comparison of ABR results in the right ears between the con-
trol and study subgroups and results showed no signiﬁcant dif-
ference. However, in the left ear, there was a signiﬁcantly
prolonged I–III IPL in patients with bilateral tinnitus when
compared to the other subgroups. Such prolongation might
be due to affection on some efferent system nuclei (trapezoid
body or nucleus tegmenti).19 As regard ILD-V, there was a sig-
niﬁcant difference between the control and the three study sub-
groups with the largest difference was present in GIIb (patients
with right ear tinnitus).
Moreover, ABR results are compared between the right and
left ears in each group. Results showed no signiﬁcant difference
between right and left ears in control, patients with right ear tin-
nitus or those with left ear tinnitus at any ABR components.
On the otherhand, patients with bilateral tinnitus showed sig-
niﬁcantly prolonged I–V IPLs in the left ear when compared
with the right one. These asymmetric ABR results could be re-
lated to differential activities of several brain regions with per-
ceived tinnitus. The majority of activated sites during tinnitus
perception are located in the right hemisphere regardless the
side of tinnitus lateralization subjectively. The right hemisphere
preponderance implies an asymmetry in the functional distribu-
tion of the involved brain structures (prefrontal, temporal and
parietal lobes, hippocampal and amygdale regions).20–22 Tinni-
tus is caused by abnormal spontaneous hyperactivity in the
auditory pathways23 and that the absence of abnormal ABR
parameters in tinnitus patients might be due to the masking ef-
fect of the stimulus that mask the abnormal activity in the cen-
tral pathways.1
Many dysfunctions of the auditory system result in abnor-
mal spontaneous hyperactivity along the auditory pathways.
Such dysfunctions include cochlear impairment and pathologic
changes in the auditory nerve with cross-talk between adjacentnerve ﬁbers. Additionally, abnormal activity at higher levels
(cochlear nuclei, auditory cortex and association areas) is also
involved in tinnitus perception.7,24
Moreover, Shulman and Goldstein25 hypothesized the tin-
nitus dys-synchrony-synchrony theory which considers tinni-
tus to be an abnormal, conscious, auditory percept occurring
as a results of an initial dys-synchrony in pre- or postsynaptic
neuronal transmission within the peripheral or central nervous
system (cortical or subcortical). This dys-synchronized activity
interferes with brain homeostasis and acts as an aberrant audi-
tory stimulus expressed via the auditory system as tinnitus.
The efferent system could be also involved in tinnitus genera-
tion and contribute to ABR abnormality involving wave I and
III abnormalities.26 Limbic dysfunction noticed in tinnitus pa-
tients might be responsible for efferent system disturbances
which in turn alter outer hair cell activity, and this might pro-
voke the appearance of tinnitus.27
In summary, ABR results in normal hearing tinnitus pa-
tients are different form subject to another. Some cases have
normal response while others have prolonged absolute laten-
cies, prolonged IPLs or increased ILD-V. This suggests im-
paired neural ﬁring synchronization and transmission in the
auditory pathways in tinnitus patients. These ﬁndings also sug-
gested that the pathology underlying tinnitus is not the same in
every case with possible brainstem involvement in some cases.
This is very important for designing the proper management
program and selecting the appropriate medication and instru-
mentation to relief tinnitus. It also will help to decide the aim
of rehabilitation program whether it is designed to restore of
homeostasis of brain activity or to act at more peripheral level.
Thus, ABR might contribute to the work up of these patients
and should be done routinely in tinnitus sufferers. Further
evaluation of tinnitus patients based on tinnitus severity, dura-
tion and character are recommended to provide more under-
standing of tinnitus problems and tailoring appropriate
rehabilitation programs.
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